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METHOD FOR DIAGNOSING AND DISnNGl iSHING Si ROKE 



B AC U i * < i<_> ^\[\l(u\ 

S This application is directed to a method for diagnosing whether a subject has 

had a stroke and, if so, differentiating between the different types of stroke. More 
Specifically, the method includes analyzing the subject's body fluid tor at least four 
selected markers of stroke. There are also described diagnostic devices and kits for 
use jm the method, 

SO The impact of stroke on the health of human beings is very great when 

considered in terms of mortality and even more devastating when disability is 
considered. For example, stroke is the third leading cause of death in adults in the 
Vnked States, after ischemic heart disease and all farms of cancer. For people who 
survive, stroke is the leading cause of disability. The direct medical costs due to 

35 stroke and the cost of lost employment amount to billions of dollars annually. 
Approximately 85% of ail strokes are ischemic (thrombotic and embolic) with the 
remainder being hemorrhagic. 

Stroke is an underserved market for both therapeutics and diagnostic 
techniques. In the United States alone over 700,000 people have strokes each year. A 

2ti multiple of that number would be suspected of having strokes with diagnostics only 
confirmed by expensive technology including computer-assisted tomography (CAT) 
scans and magnetic resonance imaging (MR.T), However, these sophisticated 
technologies are not available in all hospitals and they are also not sensitive enough to 
diagnose ischemic stroke at an early stage. 

25 Stroke is a clinical diagnosis made by a neurologist, usually as a consultation. 

Current methods tor diagnosing stroke include symptom, evaluation, medical history, 
Jvst \ a\ i i ^ c . .a ^ ^ * re-ve w actons > v \ . v, « 
^ " . \ n u t j , - ^ sU \nun\ ^ a 00 

teats may be performed to search Fa interna; bleeding. These include complete blood 
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count, prothrombin time, partial thromboplastin tunc, scrum electrolytes and blood 
glucose. 

)etermi.ning the inn iiate cause o ttro c s K v * > upon 

presentation where the diagnosis relies mainly on imaging techniques, 
s Approximately 50% of cerebral infarctions are not visible or; a CAT scan. Further, 
even though a CAT scan can be very sensitive for the identification of hemorrhagic 
stroke, it is not very sensitive for cerebral ischemia during evaluation of stroke and is 
usually positive at from 24 to 36 hours after onset of stroke. As a result a window of 
opportunity for rapid treatment would usually have expired ones the current 
JO diagnostic techniques positively identify a stroke. 

The treatment of stroke includes preventive therapies such as antihypertensive 
and antiplatelet drugs which control and reduce blood pressure and thus reduce the 
likelihood of stroke. Also, the development of thrombolytic drugs such as t-PA 
{'tissue plasminogen activator) has provided a significant advance in the treatment of 
55 ischemic stroke victims but to be effective, and minimize damage from acute stroke it 
is necessary to begin treatment very early, for example, within about three hours after 
the onset of symptoms. These drugs dissolve blood vessel clots which block blood 
flow to the brain and which are the cause, of approximately 80% of strokes. However, 
these drugs can also present the side effect of increased risk of bleeding. Various 
20 neuroprotectors such as calcium channel antagonist can stop damage to the brain as a 
result of ischemic insult. The window of treatment tor these drugs is typically 
broader than that for the clot dissoJvers and they do not i ncrease the risk of bleeding. 

Diagnostic techniques for the early diagnosis of stroke and identification of 
the type of stroke are needed to allow the physician to prescribe the appropriate 
25 therapeutic drugs at an early stage in the cerebral event. Various markers for stroke 
are known and analytical techniques for the determination of such markers have been 
-oi ik-d in uu \s u erur the iet irk efen t prone m ••■i >th 

huUi ' ' t \ ( , j r i o rn. i r I i , j 

e\e^ Such 'iiu>s di sti us ■ uu,' - tout a\ umop,e e 'he Spain. 
J« It has been reported in the literature that myelin basic protein (MBP) 

concentration, in cerebrospinal fluid (CSf) increases after sufficient damage to 
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neuronal tissue, head trauma and VIDS dementia Further, i has been reported that 
ukrastructural immunocytochemistr? studies using anti-MBP antibodies have shown 
that MSP is localized exclusively in the myelin sheath. Thus, it has been suggested 
the MBP levels in CSF or serum be used as a marker of cerebral damage in acute 
cerebrovascular disease. See Strand, T„ et ah. Brain and plasma proteins in spinal 
fluid as markers for brain damage and severity of stroke, Stroke (1984) 15; 138-144. 
The increase in MBP concentration in CSF is most evident in about tour to five days 
after the onset of thrombotic stroke while in cerebral hemorrhage the increase was 
highest almost immediately after onset. See Garcia-AJex, A., et ah, Neurop-speeific 
enolase and myelin basic protein: Relationship of cerebrospinal fluid concentration io 
the neurologic condition of asphyxiated full -term infants. Pediatrics (1994) 93; 
234-240. It has also been found that patients with transitory ischemic attack (TfA) 
had normal CSF values for MBP while those with cerebral infarction and hemorrhage 
had elevated values. m cerebral infarction there was a significant increase in MBP 
concentration in CSF from the first to second lumbar puncture while patients with 
intracerebral hemorrhage had reached already markedly elevated levels at the fust 
lumbar puncture, It was reported that the kinetic difference to MBP release may be 
useful in the differential diagnosis of hemorrhagic and ischemic stroke, MBP levels 
in CSF also correlated to the visibility of the cerebral lesion at CT scan and to the 
short-term outcome of the patients. Further, the concentration of MBP increased with 
the extent of brain lesion and high values indicated a poor short- term prognosis for the 
patient. See Strand, T, et al previously cited. 

SI 00 protein is another marker which may be taken as a useful marker for 
assessing neurologic damage and for determining the extent of brain damage and for 
determining the extent of brain lesions. Thus, it has been suggested for use as an aid. 
in the diagnosis and assessment of brain lesions and neurological damage due to 
v r V Mwo w sn \ i.d' v.' v X \ ! v n 

v v il n i s t t t 

prognosis in acute ischemic stroke, Stroke (199?) 28; 1956-60. 

Neuron-specific enolase (NSK) also has been suggested as a useful marker of 
neurologic damage in the study of stroke with particular application in the assessment 
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of treatment. See Tcas.da.ie. (}. and Jeimett. EL Assessment of coma and unpaired 
consciousness. Lancet (1974) 2; 81-84. 

There continues to be a need for diagnostic techniques which can provide 
timely information concerning the type of stroke suffered by a patient, the onset of 
5 occurrence, the location of the event, the identification of appropriate patients who 
will benefit from treatment with the appropriate drug and the identification of patients 
who are at risk of bleeding as a result of treatment. Such techniques; can provide data 
which will allow a physician to determine quickly the appropriate treatment required 
by the patient, and permit early intervention. 
SO It is therefore an object of this invention to provide a method for rapidly 

diagnosing and distinguishing stroke. 

it is a further object of the invention to provide a method for distinguishing 
between thrombotic strokes and hemorrhagic strokes. 

It is another object of the invention to provide such a method which includes 
analyzing the body fluid of a patient lor at least four markers of stroke. 

It is yet another object to provide a method which can provide information 
relating to the t ime of onset of the stroke. 

It is still another object to provide diagnostic assay devices for use in the 
method. 

SUMMARY Q IHE INVENTION 
These and other objects and advantages are accomplished in accordance with 
the invention by providing a method that is capable of determining whether a patient 
has suffered a stroke and, if so, whether the event is thrombotic or hemorrhagic. 
According to the method, a body fluid of the patient is analyzed for four molecules 
which are ceil type specific, three of which arc specific ischemic markers, namely 
<- / pro t.r - ^ if bas» prnem \ Hi _ ,u 'k l "o.i, i < „ \S, m 
one ;ui>,r vm nemrnrk oj » e\,a> , hr v rodu » , m The 
method analyzes <. isoronns of the marker k. x which are specific io the r t 
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The analyses of these markers may be carried out on the same sample of body 
fluid oi on multiple samples oi bodv fluid In the latter embodiment the different 
body fluid samples may be taken at the same time or at different time periods. 

The information which is obtained according to the method of the invention 
can be provided at the critically important early stages of a stroke, e.g., within the first 
three to six hours after onset of symptoms since the analysis of the patient's body fluid 
can be carried out in about 45 to SO minutes after the body fluid is collected. The data 
can be vital to the physician by assisting in the determination of how to treat a patient 
presenting with symptoms of stroke or suspected of having a stroke. The data can 
rule stoke in or out, and differentiate between ischemic and hemorrhagic stroke and 
therefore exclude hemorrhagic stroke patients from being given clot dissolving 
therapeutics because of the risk of increased bleeding. The data can also identify 
patients who are at risk of bleeding as a result of treatment, i.e., patients with 
compromised brain vasculature. Further, the method can provide at an early stage 
prognostic information relating to the outcome of intervention which can improve 
patient selection for appropriate therapeutics and intervention. The method of the 
invention is diagnostic well Before the imaging technologies. In addition, these data 
can indicate the location Of the stroke within the brain and the extent of damage to the 
brain as well as determine whether the extent of the stroke is increasing. The cerebral 
infarct associated with stroke, made up of dead, and dying brain tissue, which forms 
because of inadequate oxygenation typically increases in size during the acute period 
after ischemia begins. By measuring the markers in samples of body fluid taken at 
different points in time the progress of the stroke, can be ascertained. 

The invention will now be described further in detail with respect to various 
preferred embodiments thereof in conjunction With the accompanying drawings 
wherein: 

s - < - o , e.Htratnm ,u C r tare t a me.es 

two marker proteins which are indicative of cerebral condition or status; 
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Fig 2 is £ flow chart iustrating hov data obi led i i t an 
embodiment of the invention can be used for the diagnosis of cerebral condition or 
status; and 

Figs. 3-10 are graphical illustrations of Use concentration over time (in days") 
5 of four .marker proteins analyzed according to an embodiment of the invention. 

I v h SCRIP lit >V * >J w » • RRF1 ) BMBQI UMPM S 

The markers which are analyzed according to the method of the invention are 
released into the circulation arid are present in the blood and other body fluids. 
Preferably blood, or any blood product that contains them such as, for example, 
10 plasma, serum, cytolyzed blood (e.g., by treatment with hypotonic buffer or 
detergents), and dilutions and preparations thereof is analyzed according to the 
invention. Irs another preferred embodiment the concentration of the markers in CSF 
is measured. 

The terms "above normal'* and "above threshold" are used herein to refer to a 
3 5 level of a marker that is greater than the level of the marker observed in normal 
individuals, that is. individuals who are not undergoing a cerebral event, i.e. an injury 
to the brain which may be ischemic, mechanical or infectious. For some markers, no 
or infmitesirnaliy low levels of the marker may be present normally in an individual's 
blood. For others of the markers analyzed for according to the invention, detectable 
20 levels may be present normally in blood Thus, these terms contemplate a level that is 
significantly above the normal level found in individuals. The term "significantly" 
refers to statistical significance and generally means a two standard deviation (SD) 
above normal, or higher, concentration of the marker is present. The assay method by 
which the analysis for any particular marker protein is carried out must be sufficiently 
25 sensitive to be able to detect the level of the marker which is present over the 
concentration range of interest and also must be highly specific. 

The four primary markers which are measured according to the present 
^e ve v> v> a.ci «. ^ ^. „ \ tin. specific -r . rs .s t f u v r » 

damaged during a cerebral event. These proteins can be either in their native form or 
3d immunologically detectable fragments of the proteins resulting, for example, by 
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enzyme activity from proteolytic breakdown. The specific four primary markers 
when mentioned in the present application, including the claims hereof, are intended 
to include fragments of the proteins which can be immunologically detected. By 
"immunologically detectable" is meant that the protein fragments contain an epitope 
5 which is specifically recognized by a cognate antibody, 

As mentioned previously, the markers analyzed according to the method of the 
invention are eel! type specific. Myelin basic protein (MB?) is a highly basic protein, 
localized in the myelin sheath, and accounts for about 30% of the total protein of the 
myelin in the human brain.. The protein exists as a single polypeptide chain of 170 
SO amino acid residues which has a rod-like structure with dimensions of 1,5 x 150 nm 
and a molecular weight of about 3 8,500 Dalton. It is a flexible protein which exists in 
a random coil devoid of a helices B conformations. 

The increase of MBP concentration in blood and CSF is most evident about 
lour to five days after the onset ofischemfc stroke while in cerebral hemorrhage the 
is increase is highest almost immediately after the onset. Further, patients with 71 A 
have normal values for MBP while those with cerebral infarction and iptercerebral 
hemorrhage have elevated values. A norma! value for a person who has not had a 
cerebral event is from 0.00 to about 0.016 ng/raL. MBP has a half-life in serum of 
about one hour and is a sensitive marker for cerebral hemorrhage, 
20 The SI 00 protein is a cytoplasmic acidic calcium binding protein found 

predominantly in the gray matter of the brain, primarily in glia and Schwann cells. 
The protein exists it! several homo- or heterodimeric isoforms consisting of two 
immunologically distinct summits, alpha (MW 10,400 Dalton) and beta (MW ~ 
10,500 Dalton) while the SlOOaa is the homodimer act which is found mainly in 
25 striated muscle, heart and kidney. The S500b isofonn is the 21,000 Dalton 
homodimer phi it is present in high concentration in glial cells and Schwann ceils 
. hm iswe s es *\ s , .... , - „ t ,u i , , t ,\ a.- uv\v 
NW e - ' i ! „vr - rc v. j > >uli 4 i 

the nventh the assaj s specific 1 c i unit i he; 00 >rotein 
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The SI 00b isoform is a. specific brain marker released during acute damage to 
the central nervous system. It is eliminated by the kidney end has a half-Hie of about 
two hours in human serum R<.p v t *> uremen of Si 00 erun levels are tsefu'f 
to follow the course of neurologic damage. Additionally, the presence of elevated 
5 Si 00 levels in CSF or serum, in association with stroke symptoms, can be useful in 
the differential diagnosis of stroke and may he & valuable indicator of cerebral 
infarction. 

The enzyme enolase (EC 4.2.1.11) catalyzes the interconversion of 
2-phosphogiycerute and phosphoenoipyritvate In the glycolytic pathway. The enzyme 
50 exists in three isoproteins each the product of a separate gene. The gene Joci have 
been designated END I, EN02 and EN03. The gene product, of ENOi is the 
nonneuronal enolase (NNE or a), which is widely distributed in various mammalian 
tissues. The gene product of EN02 is the muscle specific enolase. (USB or f>) which 
is localized mainly in the cardiac and striated muscle, while the product of the EX03 
i 5 gene is the neuronal specific enolase (NSE or y) which is largely found in the neurons 
and neuroendocrine cells. The native enzymes are found as homo- or heterodimeric 
isoforras composed of three immunologically distinct subumts, a, p and y. Each 
subunit has a molecular weight of approximately 39,000 Dalton. 

The ayandyy enolase isoforras, which have been designated neuronal specific 
20 enolase (NSE) each have a molecular weight of approximately 80.000 Dalton. It has 
been shown that NSE concentration in CSF increases after experimental focal 
ischemia and the release of NSE from damaged cerebral tissue into the CSF reflects 
the development and size of the infarcts. NSE has a serum half-life of about 48 hours 
and its peak concentration has been shown to occur later after cerebral artery (MCA) 
25 occlusion. .NSE levels in CSF have been found to be elevated in acute and/or 
extensive disorders including subarachnoid hemorrhage and acute cerebral infarction. 
The fourth marker protein measured according to the invention is a brain 
. I " Hi--, t i i ir- sh lU t u ; i < i ^sm. x ,<t 

the brain possess a unique expression of ceil surface, receptors, transporters and 
SO intracellular enzymes that serve to tightly regulate exchange of solutes between blood 
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and brain parenchyma, Brain endothelial membra proteins include 
Thrombomodulin (Tm), a 105,000 Dalton surface aJvcoprotein involved in the. 
regulation of intravascular coagulation; Glucose Transporter (Giuc 3 a 55,000 
Dalton cell surface transmembrane protein which may exist in dimeric or tetraraeric 
ionn; NeurotheliivHT?, a 43,000 Dalton protein integrated into the cytoplasmic 
membrane transport protein; Gamma Glutamyl Transpeptidase, a protein which is 
found as a heterodimeric isoform composed of 22,000 and 25,000 Dalton submits and 
is involved in the transfer of gamma glutamyl residue from glutathione to amino 
acids; and P- glycoprotein, a multidrug resistant membrane spanning protein. In a 
preferred embodiment of the method Tm is the brain endothelial membrane protein 
which is measured. Tm is a sensitive marker for lacunar infarcts. 

The data obtained according to the method indicate whether a stroke has 
occurred and, i f so, the ty pe of stroke, the localization of the damage and the spread of 
the damage. Where the levels of ail four markers are negative, he, within the normal 
range, mere is no cerebral injury. When only the brain endothelial membrane protein, 
e.g., Tm, is elevated, or positive, i.e., the level is at least 2SD above, normal, the stroke 
is a lacunar infarct present in the basal ganglia and deep white matter of the brain. 
When the NSE level is positive and the Si 00 and/or M.BP levels are negative (the 
brain endothelial membrane protein marker is positive or negative) the patient has 
suffered a TIA. 

According to another preferred embodiment, a .fifth marker, which is from the 
specific cell type of one of the three ischemic markers analyzed according to the 
method of the invention, is measured to provide information related to the tune of 
onset of the stroke, it should he recognized that the onset of stroke symptoms is not 
always known, particularly if the patient is unconscious or elderly and a reliable 
clinical history is not always available. An Indication of the time of onset of the 
sti e can >e o u ice >> eiym it ht Jiii> in ek inetics oi brass mark 
1 ! * ^ ht n. v. s - ,k \ 

circulation following brain injury is dependent on the size of the marker, with smaller 
markers tending to be released earlier in the event while larger markers tend to be 
released later. Fig. I illustrates the release kinetics of two marker proteins winch arc 
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analyzed according to the method of the r urn »u, namely MBP and SI 00. ! bev 
•data were obtained from fluid collected from, the brain tissue of a pig after coronary 
bypass surgery was performed. The samples were collected at 0.. 30. 120, ISO and 
240 minutes after the subject had been removed from the bypass machine. The 
S concentration values are expressed in multiples of a baseline value which was the 
concentration at time zero. These data indicate that the release of MSP (M.W ;:: 
18300) appears to reach a maximum about 120 minutes after the ischemic event 
whereas the release of S100 (MW ~ 21,000) does so at after about 180 minutes, 
Thus, by measuring an additional protein marker from the specific ceil type of one of 
f t> the three ischemic markers utilized in the method of the invention, data relating to the 
time of onset can be obtained. The time of onset is defined as the moment of onset of 
clinical symptoms of stroke, in this preferred embodiment the second marker protein 
is a larger, i.e., a higher molecular weight -marker, titan the primary marker of the 
same cell type. 

IS The three ischemic markers utilized according to die invention and various 

other high molecular weight markers from the same specific cell type are shown in 
Table I. 
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j MARKER 


| SIZE (I)} 


n>! UUV! 
i PKACjM R;NT (0) 


' I'M UU (,U U \UKKI Ks 


1 S100 


j 21.000 


'10,500 


I Growth Associated Protein 43 t GAP-4 3 ) 




; 43,000 


( >lu:,.msn Vi' etas^ tOSi 


400.000 


I 44.000 


Glial Fit 1 c ■ }> < , j (Q? Ai } 


j 51,000 


I S i ,000 


Glycine iransporter (GI YTI) 


!--.» km. 


5 i- '0Ut\! 


Glvcuu ItcmsporurKU ST2t 




90-110,000 j 


: sft < n U Ml H<\\ vl. MARKERS' 






Neunm -.jwi l.ni ,\SJ t 


78,0uf* 


a c >.000 J 




42-000 


- \000 


; Caipain 


SOjOOO 


55,000 


| Neurofibrillary Protein CNF) 


S (;.:(; 


<■,:,. i,< ><< 


Si k :>i (HSP ~ 5 


72,000" 


"MioO 


j Beia Amyloid Precursor Protean (beta APP } 


250,000 . 


12X000 j 


SP£< EFf< S.XONA1 M VRK'ERS: 


M\elmH Im^lem t \fBP. 




18,500 | 


i Hn.bnUOSK 


28.000 | 


IB 000 


^oteohpid Protein (PJ P) 


22 A) 000 ! 


2-Pt >O0 


M\e!m Asw> v i < i t > M \u) 


$0-100,000 


5,V<)!10 


» * m v H fil N. 


200.000 | 


300.000 



In a preferred embodiment of the invention body fluid samples taken from a 
patient at different points in time are analyzed. Typically a first body fluid sample is 
taken from a patient upon presentation with symptoms of stroke and analyzed 
according to the invention. Subsequently, some period of tunc after presentation, for 
example, about two hours after presentation, a second body fluid sample is taken and 
analyzed according to the invention. Referring now to Fig. 2 there is seen a flow 

v. w r . i , { f \-,£ \, „ , H j ^ , (i Ub( _ 0 

To triage the patient. The data cm be used to diagnose stroke, rale out stroke. 
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Jjttucuisl between thrombotit i hemorrhagt ok id mi ipp r t nts 
for thrombolytic treatment and determine how the stroke is evolving. 

vs stated previoush the level t e ch oi the four spe ' jarkers in "h 
patient's body fluid can be measured from, one single sample or one or more 
S individual markers can be measured in one sample and at least one marker measured 
in one or more additional samples. By "sample'' is meant a volume of body fluid such 
as blood or CSP which is obtained at one point in time. Further, as will be discussed 
in detail below, all the markers can be measured with one assay device or by using a 
separate assay device .for each marker in which case aiiquois of the same fluid sample 
to can be used or different fluid samples can be used, it is apparent that the analyses 
should be carried out within some short time frame after the sample is taken, e.g., 
within about one-half hour, so the data can. be used to prescribe treatment as quickly 
as possible, it is preferred to measure each of the four markers in the same single 
sample, irrespective of whether the analyses are carried out in a single analytical 

I S device or in separate such devices so the level of each marker simultaneously present 
in a single sample can be used to provide meaningful data. 

Generally speaking, the presence of each marker is determined using 
antibodies specific for each of the markers and detecting immunospeciftc binding of 
each antibody to its respective cognate marker. Any suitable immunoassay method 

20 may be utilized, including those which are commercially available, to determine the 
level of each of the specific markers measured according to the invention. Extensive 
discussion of the known immunoassay techniques is not required here since these are 
known to those of skill in the art. Typical suitable immunoassay techniques include 
sandwich enzyme-linked immunoassays (BLISAX radioimmunoassays (RJ.A), 

25 competitive binding assays, homogeneous assays, heterogeneous assays, etc. Various 
of the known immunoassay methods axe reviewed in Methods in Bnzymoiogy, 70, pp. 
^ " " i < , \ n ,i Ti r a x - to K m \ un > ^ > 

t t K O B . ) V <■ < v , i , < i , t , S -j v v. i 

the naked eye oi with the aid of an optical filter and/or applied stimulation, e.g., 
30 ultraviolet tight, to promote fluorescence Examples of colored labels which can be 
used include metallic sol particles, gold so! particles, dye soi panicles, dyed latex 
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particles or dyes encapsulated in liposomes. Otter direct labels include radionuclides 
and fluorescent or luminescent moieties. Indirect labels such as enzymes can also be 
used according to the invention. Various enzymes are known for use as labels such 
as, for example, alkaline phosphatase, .horseradish peroxidase, lysazyme, 
5 ghtcose-6-phosphate dehydrogenase, lactate dehydrogenase and urease. For a 
detailed discussion of enzymes in immunoassays see Bngvall, Enzyme Immunoassay 
EL1SA and EMIT, Methods of Enzymology, 70, 419-439(1980). 

A preferred immunoassay method for use according to the invention is a 
double antibody technique for measuring the level of the marker proteins in the 
10 patient's body fluid. According to this method one of the antibodies is a "capture" 
antibody and the other is a "detector" antibody. The capture antibody is immobilized 
on a solid support which may be any of various types which are known in the ait such 
as, for example, microliter plate wells, beads, tubes and porous materials such .as 
nylon, glass fibers and other polymeric materials, In this method, a solid support, 
ifl. e,g,, microliter plate wells, coated with a capture antibody, preferably monoclonal, 
raised against the particular marker protein of interest, constitutes the solid phase. 
Diluted patient body fluid, e.g., serum or plasma, typically about 25 pi, standards and 
controls are added to separate solid supports and incubated. When the marker protein 
is present: in the body fluid it is captured by the immobilized antibody which is 
20 specific for the protein. After incubation; and washing, an anti-marker protein detector 
antibody, e.g., a polyclonal rabbit anti-marker protein antibody, is added to the solid 
support. The detector antibody binds to marker protein bound to the capture antibody 
to form a sandwich structure. After incubation and washing an anti-lgO antibody, 
e.g., a polyclonal goat anti-rabbit IgO antibody, labeled with an enzyme such as 
25 horseradish peroxidase (MRP) is added to the solid support. After incubation and 
washing a substrate for the enzyme is added to the solid support followed by 
nc tie; od th<. dditioi fa cid solution to si he m latic f u i 

" ^ r * v S ! ^ - 1 ^St\ * •< A. C \iY v ,,UIi.u ■< 

K SUl ' - iu * k ^ u E 1 idizcd en < et on the solid s pnon 

30 at die appropriate wavelength, e.g., 450 rim for HHP, The absorbance at the 
wavelength is proportional to the amount of marker protein in the fluid sample. A set 
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of marker protein standards is used to prepare a standard curve of absorbance vs. 
marker protein conceturati n lhus method is preferred since test results can be 
provided in 45 to 50 minutes and the method is both sensitive over the concentration 
range of interest for each marker and is highly specific. 
5 The assay methods used to measure the marker proteins should exhibit 

sufficient sensitivity to be able, to measure each protein over a concentration range 
from normal values found in healthy persons to elevated levels, i.e., 2SD above 
normal and beyond. Of course, a normal value range of the marker proteins can be 
found by analyzing the body fluid of healthy persons. For the SJOOb Isofonn where 
Us *2SD « 0,02 ng/mL the upper limit of the assay range is preferably about 5.0 ng/mJL 
For NSE where -<-2SD :::: 9.9 ng/oil. the upper limit of the range is preferably about 60 
ng/mL. For MBP, which has an elevated level cutoff value of 0.02 ng/mL, the upper 
limit of the assay range is preferably about 5.0 ng/mL and lor Tm, which has an 
elevated level cutoff value of about 73 ng/mL, the assay range upper limit is 
;> ' i - ng/mL. 

The assays can be carried out in various assay device formats including those 
described m United States Patents 4,906,439; 5,051,237 and 5,147,609 to PR 
Diagnostic Systems, be. 

The assay devices used according to the invention can be arranged to provide 
20 a semiquantitative or a quantitative result. By the term ^semiquantitative" is meant 
the ability to discriminate between a level which is above the elevated marker protein 
value, and a level which is not above that threshold. 

The assays may be carried out in various formats including, as discussed 
previously, a microliter plate format which is preferred for carrying out the assays in a 
25 batch mode. The assays may also be carried out in automated immunoassay analyzers 
which are well known in the art and which can carry out assays on a number of 
different samples. These automated analyzers include continuous; random access 
s i !e,s \tk ten j i en i me I i \ f " " \" 

1 ^ lso vs .n ag t " t us ne v'ariou sut m; ted dy;-:s that an 

30 commercially available include the OPUS and O S MAON VI nalyzers 
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Another assay format which can be used according to the invention is a rapid 
manual test which can be administered at the pomt-of-eare at any location. Typically, 
such pomt-of-care assay devices will provide a result which is above or below a 
threshold value, i.e., a semiquantitative result as described previously. 

it should be recognized also that the assay devices used according to the 
invention can be provided to carry out one single assay for a particular marker protein 
or to carry out .a plurality of assays, from a single volume of body fluid, for a 
corresponding number of different marker proteins. A preferred assay device of the 
latter type is one which can provide a semiquantitative result for the four primary 
marker proteins measured according to the invention, i.e., SI 00b, NSB, MBP and a 
brain endothelial marker protein, e.g., Tm. These device typically are adapted to 
provide a distinct visually detectable colored band at the location where the capture 
antibody for the particular marker protein is located, when the concentration of the 
marker protein is above the threshold level For a detailed discussion of assay types 
which can be utilized according to the invention as well as various assay formats and 
automated analyzer apparatus see U.S. Patent 5,747,274 to Jacfcowskl 

The invention will now be described further in detail with respect to specific 
preferred embodiments, it being understood that these are intended to be illustrative 
only and the invention is not limited to the materials, procedures, etc, recited therein, 

A prospective observational pilot study was carried out at two tertiary care 
hospitals. The study evaluated thirty three patients admitted with a clinical and 
computed tomographic (CT) diagnosis of acute ischemic stroke. The mean age of the 
patients presenting with stroke was approximately 66 years (66.4 ±16,4) with an age 
range of from 27 to 90 years. The mean delay between the onset of symptoms and 
presentation to the hospital was 22 hours with a range of from 1 to 72 hours. 
* ^ > v s i , ivs -f Health Sm*ke Seak id: ^ch r^ tJ net nkin 

5 and 7 at one hospital and days T 2 and 3 at the second hospital . Ail blood samples 
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were centrifuged and aliquots of serum were frozen and stored at -SOX until analysis 
for S 100. NSE, MBP asd Tm. 

Control subjects included one hundred three healthy blood donors (age range 
from 18 to 78 years: mean age 54.6 *15.2 years) whose blood samples were used to 
determine reference values for concentrations of SI 00 and NSE and twenty four 
healthy blood donors who provided samples for reference .measurements of MBP and 
Tin concentrations. 

All reference values are reported as mean *-2SD unless otherwise stated. The 
reference value for Si 00 in serum was 0,0067 ng/mL with a 98th percentile of 0.020 
ng/mL An elevated SI 00 value was taken as any concentration greater than the 98th 
percentile (0.02 ng/mL) of normal (normal r2SD ~ 0,02 ng/mL). 

The reference value for NSE in serum was 5.03 -2,40 ng/mL. An elevated 
NSE value was any concentration greater than 2SD above normal 9.85 ng/mL, 

The reference value for MBP in serum was 0.0162 ±0.0039 ng/mL. An 
elevated MBP value was any concentration greater than 2SD above normal 0.02 
ng/mL. 

The reference value for Tin in serum was 50.52 ±13.62 ng/mL, An elevated 
Tm value was any concentration greater than ~2SP above normal, 76.14 ng/mL, 

The levels of S 100 and NSE were analyzed using. Exact Si 00 and Exact NSE 
Ellsa Assay Kits, respectively,, available from Skye PharavaTech Inc., Mississauga, 
Canada. The levels of Tm were analyzed with an ELISA assay available tram 
Diagnostics Stago, 9 roe des Freres Chaasson, 92600 Asneres Sur Seine. France. The 
level of MBP concentration was analyzed with an ELISA immunoassay from 
Diagnostic Systems Laboratories, Webster, T exas, United States. 

In the tables showing the data obtained "D1" indicates the first day with the 
first blood sample feeing; taker; at the time of presentation. Subsequent days of sample 
collection are indicated by D2. D3, etc. For the values of the concentrations of the 
markers, +2SD are above the normal range. "NO" signifies that no data was obtained. 
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\ TABLE II 

i NSE, Si 00, MRP ND Tm CONCENTRATIONS IN 

! CLINIC A L SERI M SAMPLES 


cons. ?; 


j AGE 


j 


| NSE. 
- 25I>»».V 


mm 

t 2SD«O.02 


s MBP 
- 2Sn ■!A , 2 


! Tm 
- ?.SD - -3 


j SM-! Dl 


42 


j .Female 


8.342 


0.028 


0.000 


4? 535 


sM-1 D3 






13.300 


1.098 


ND 


^ 61.946 


; SM ! D . 


i ■ 




9.622 


0.060 


0.238 




SM-1 D7 




P* 


10.710 


0.066 


F.725 


62.177"" 


j DIAGNOSIS 


Lett 'internal 
5h from ofts 


caroui lUII R \ !\b J < t emboli) 

toi w mptoms 


OUTCOME 


GOOD. Mild aphasia. 


| 


[ SM-2D1 




Female 




9.420 


0.053 


0:032 


ND | 


SM-2 D3~ 






5.430 . 


0.015 


0,105 


ND 


j S.M-2D5 






7.360 i 


0-011 


0.341 


ND 


SM-2D7 






9.906 | 


0,008 


0.124 


ND 


| DIAGNOSIS 


< S : >! BRAI I> ! UK I Po ten > cireulau n inferc 
(unknown medumsrt! t 2<! h in m unstl * i symptom 


ion 
i. 


OUTCOME 


MODERATE. Dysarihsa ana hemiparests. 




SM-3 Dl 


78 


Mate 1 


12.670 


0.112 j 


0000 | 


92.324 


SM-3 D3 






34.980: 


0.719 1 


1.420 


S01 990 j 


SM-3D5 






28.570 


1.301 ! 


4.845 | 


139.251 1 


i DIAGNOSIS 


CI REBR M A, i r . 

(cardioembolic). | 


| OUTCOME | 


DEATH ] 


i i 


! SM-4DI | 


58 1 


Male 


8,520 ! 


0.008 j 


aooi r 




| SM-4D3 i 


j | 


4 406 


0.028 | 


0 14 ■ 


78.286 


SM-4D5 




4.888 


0.024 1 


oiii T 


85,881 | 


lauAosis 


sTRF.BRAI. 


\: UK Lm. - . -v. 1 > i - i ) j 


OUTCOME 
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i TABLE 11 
| NSE, S100, MBP NI> Tm CONCENTRATIONS IN 
CLINICAL SERUM SAMPLES 


| CODE # 




; CENSES 


| NSE 


1 S180 
■ (»g/mL) 
2SI) 0.02 


MBP 
- -SD-0.02 


j (ng/fnL) 
- 2SD=?3 


SM-5 D2 


1 27 


| Male 


i kirn 


! 0.099 


| 2301 




SM-5 D3 






\ 5.492 


| 0.000 




; V«.892 


; SM-.SD5 






I 11.730 


0.079 


" 682 


j 68,850 


| SM-5 D? 






| 11.540 


0.018 | 10.382 


j 68.620 


! DIAGNOSIS 


( 'FRFBRAl. uNFARCI , c !a from 
onset of symptoms. 


Or H OME %I< OjPv' \>u ..a-Jhtnt^h 




j SM-6D1 


63 


Male | 7.029 


0.000 


0.000 


56.883 : 


| S3&6D3 




i 6.455 


0.020 


0.000 


75.985 


DIAGNOSIS 


CEREBRAL INF ARC!' (unknown mechanism). 22 h from 


OUTCOME 


MODERATE 




SM-7.D1 


64 


Female 


8 566 


0.02! 


0.013 


105.212 








5.061 


0.024 


0.000 


129.146 


SM*7DS 






6.783 


0.021 


0.017 


, V)? 


SM-7 D8 






7.37? 


0.015 


o.ooo | 


162.746 


DIAGNOSIS 


! p 0! J \» ' ' <- . , u n in t. l 


OUTCOME 


^ 4 0\II ; 




SV-8D1 ; 


45 | 


Male 


15.740 | 0.053 ! 


0.009 | 


37,092 


SM-8 D3 






21010 0.112 


0.082 


35.7J1 j 


L>M-*I>; . 








0.112 ; 


38.703 | 


DIAGNOSIS j 




OUTCOME 


GOOD. Minimal deficit. 
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TABLE II 

NSL , SI00, MBP Ni> Tm CONCENTRATIONS IN 
CLINICAL .SFJU'M SAMPLES 



CODE « 


ACE 


GENDER 


j NSE 


\ side 


j MBP 


Ira 


j 






i <«#*aL) 
j * 2SIM>.9 


i (ftg/itiL) 
| * 2SIWK02 


; (og/roL) 


- 2SD«73 


f SM-9 01 


i 35 


j Male 


| J 1.530 


| 0.015 


o \i 


] "nd 


1 SM-9D5 


i 






j 0.021 


! 0.040 


I ND 


1 SM-9D? 


i 


1 


T" 7-336 


| 0.002 


| 0.000 


hi™ 


Di .».\OSis 






ni H o\ii 












| TABLE III 


j CODE # 


AGE 


GENDER 


NSE 


8100 


MBP 












f'ng/mL) 
- 2SD-&U2 


(ng/isL) 

' 2S(> f!,(0 




1 $j~oTm 


S3 


MALB 


6,803 


0 09 i 


oijoo 


H> 


1 SJ 01 D2. 






8.566 


0.235 


0,000 


166,659 


| SJ-0.1 133 






8.689 


1.143 


0.000 


209.2V J 


| DIAGNOSIS 


CHRi-BKAL INFARCT (recurrent). Tl 
MI 


if\ renal insufficiency. 


j OUTCOME 




! . 


SJ-02D1 1 


61 


MALE : 


14.040 I 


0.054 j 


0.433 j 


476.193 ! 


SJ-02D2 I 




13:430 | 


0.110 1 


1.199 ! 


403 010 


SM>2 IV, | 




12.890 | 


0.24? | 


2 625 i 


501,739 


i M UAOSLS 

| - - 


tMiiHRU j\i \R t . fp^nc.d tpAiMo.iai 1 L s itc Ml 
C \ 4<S fa ft - ■ ^reptoms 


Ol KOMI- 


i p^g ttu Second CT positive |Da\ ~i Ht \ j 




1 SJ-03 Di ; 


83 1 


MALE 


(0.700 | 




0.000 i 


75,064 i 








8.926 


i < < !00 












- ;0C 








DIAGNOSIS 


CT.<K-hA. 


N \RC1 i\i 


cam). T BP 


DM 




US H OMi 


CT positive (Day 2} j 
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TABLE III 


| CODE # 




gi warn 


! NSE ! S3 60 
- 2SD-9.9 * 2SD 0.02 


MBF 
• 2SD <l UZ 


Tm 

\ (ng/roL) 
i ■> 2SD- 3 


j SJ-04DI 


j 70 


j PP. MAS £•: 


10,270 j 0 000 


\ 0.000 


i 134.209 


i DIAGNOSIS 


HA. TBJ\DM 


(OUTCOME 


! 1 


i 


SJ-05D1 | 72 


i MALE 




0,006 


0.326 


185 760 | 


v. is i>: 




10.870 


| 0.000 


0.239 


I 136,28 1 i 


1 SJ-05D3 1 




8.197 


; o.ooo 


0.38? ! 132,598 i 


OJ WSNOSIS 


« ' Rl BR\1 iKJ f n wnl 


OUTCOME 


First CT negative | 




SJ-06 D! 




FKMALE | 10.440 j 0,001 0 080 j ND | 


DIAGNOSIS 


CI Rj BR V I\i vR( 1 RciuOm j uu-nt ,di Kms) V, h i 
' n v . , n i i ] 


OUTCOME 






^ SJ-07D1 


90 H-MAI I ! 540 0.001 ! 0.162 \T> 


DIAGNOSIS ( » li, RR\1 I\ \R( 1 ^h'.no^u.isxpp 


Ol HOME • 




S MIND J 8] : 


MALE i i 2.450 


0.749 i 


0.017 ! 


82.198 


DIAGNOSIS 


HAEMORRHAGIC. 1 h torn onset of symptoms 


Ol fi ONH 


CT positive ['L,\ IH 2h later. 




5 SJ-09D1 | 


46 j 


MALE | 


4.891 j 


0.000 ! 


0,000 I 


88.182 j 


SJ-CWD2 j 






. 3.913 | 


0.000 1 


" 0(H> 


87.722 ] 


SJ-Q9 03 j 






1 .848 


0.000 j 


0,000 


105.903 ' 


DIAGNOSIS 


x ' K) U 1 I ^ M.'sut « fox 


Ol TCOMf 


CT atganvv j 
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TABLMI 



CODE # 


AGE 


C,f NDER 


NSE 


Si 00 
+ 2SIMJ.02 


(ngftnh) 
-< :SD--i.M)2 


- 'SO ~ 5 


si-: 


69 


FEMALE 


8303 


0.000 


0,500 


"9.437 








6 000 


(UM) 


0.000 










3,939 


0,000 


0,000 


68.850 " | 



DIAGNOSIS |~12h fions onset of symptoms 
I - numbness in arms 

| - & side facial droop; difficulty swallowing 
j - no past Hx CVA 
; - patient diabetic, has Hx high BP 



OUTCOME Initial < I noeaJ u \1 symptom reso ud cv.., t \ at t>v -tT 

| unable to swallow. 



| SJ-11D1 


39 


MALE 




0.058 


0.063 


65.398 j 


| SMI D2 








0.047 


oS"" 




| SJ-1 1 D3 






"""17.330 


0.068 


0.189 


76,675 I 


i DIAGNOSIS 


CEREBRAl 
- found un 


! ^ 0 1 --i h from onset of s> mptoms 
conscious with R-sided neglect I 


OUTCOME ' 


CT positive 5 


Day 1) 












- 3 lesions present ~2 cm j 

- basal ganglia L side 1 
Pane ! su 1 l has se\cie , dak.-> h a\ ,i s , i unncnl 



j SJ 12 "5T" 




FEMALE 


X1.700 


0.000 


0.067 


28's loO 


| SM2D2 








0.000 


0.055 


270.91 i 


SI \2 D3 






i i M|Ji 


0.002 


0.124 


226.264 


DIAGNOSIS 


CEREBRAL INFARCT (lacune). 
~ 12 h from onset of symptoms 

- weakness L side, esp. L arm 

- facial droop and pronounced slurring of speech 
■ Bell's Palsy L side 

'< ai i'i s ,?s pdt.en \ 


omr< mm 


< \ oosstne i m\ \ 

i x 2 i 
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TABLE III 


CODE # 


AO 


gander 


(ng/mL) 
+ 2S0-9.9 


sim 

0»P«L) 
:s!>::.:...02 


(t»g/jtiL) 
+ 2SD-0.02 


Tm 
j (ngiml.) 
■• 2SJ.J-"J 


[ SJ-13DI 


"A 


: : M \i i 


10.090 


0.000 


OiOQO 


o\:.to ■ 


j SJ13D2 






40.040 


0.768 


0.433 


41.924 


! SJ-13D3 






4.66? 


0.103 


0.000 


36.861 


| DIAGNOSIS 


< LR1 PR ,1 F ! \R< MuiMi \(\' CAP Dnbetk 
' miito , n iK(.\ \ Rtotorun ( m lems 


OUTCOME 


Initial CT negative, Initial symptoms worsened over 48 h to R 
hemipiestis! 




SLMDi } 72 


MALE f 7.303 


0.087 


0.299 


NC 


S; 4D2 


! 5.697 


0.007 


0.055 


HC 


DIAGNOSIS 


< T Ri BRA1 INI AR< 1 (LeftCVA) 
- 9 h from onset of symptoms 

- prior CV A 1989 

~ fix stria! fib., anticoaguSated 

-Ml 1997 | 


OUTCOME 


S\i : ' ■ h- imp: 




SJ-I5D! | 79 


MALE | 5.667 0.000 | 0.013 


ND | 


DIAGNOSIS 


CF Rf PdxV S\f UoCI . Lei to \\i I 

- symptoms progressive over 2 wk period; worsened over 3 
das period 1 ist pri< to prt nrntati >.n to hospital 


OUTCOME 


CT negative Day 1 ] 
- condition worsening at discharge (discharged at family's j 
jfefuestforpamativecai a home) i 




S.M6 i>! | 


90 


Ff.MAL.ti j 


20.940 ! 


OKI 5 : !4.: 


52.281 


SJ-16 1>2 j 






12.220 j 


0,49 S 


5.459 j 


55,733 ! 


SJ46D3 [ 






9.424 j 


0.253 j 




55 503 



! DIAGNOSIS I Large intracerebral bleed with smaller subdural hematoma and 



I j intraventricular hemorrhage 

j. I - Onset >' v> apu ms wiL < \ o (6 to 29 h prior) 

j - previously well; no Hx other than colon €a 20 yr prior; 
L a ' . . f 

OUTCOME I Patient continues to worsen 
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TABLE HI 


CODE * 


j AGE 


i GENDER 

j 


j NSE 


j sioa 

■ 2SD=«.02 


| + ZSFMMJ2 


Tin 


sj ran 






0.042 


| 0.002 


ND 


f SM7©2 






j 8.758 


1 0.095 


! 0,006 


| ND 


SJ ! 7 D3 






12 510 


} 0.261 


| 0.4J7 


j ND 


DIAGNOSIS 


' J RJ BR\: IN \R< I t T i in { \ v 1 
- old left cerebellar infarct 

* sudden onset; slurred speech and L-skied weakness 

' - h trou o! >ts\ mptotns | 


OUTCOME 






SJ-18D1 


| 79 


MALE 


21.560 


0.008 


0 000 


61.946 I 


i S J- 1 8 D2 j 




14.390 


0.2 IB 


L 0854 


48.598 | 


SJ ISD3 j 






0.102 


0.678 


55.963 ! 


DIAGNOSIS 


Initial CT showed bleed or cerebral edema. 1 
- 2 h frcan onset of symptoms | 


OUTCOME 


Aphasia , < ' K.u -less 




SM9D1 




HMAil | 


9 948 


0.000 


ND 


64.248 


$ f 19 1)2 






9.781 


0.008 


ND 


58.955 


SJ-19B3 






1 1 720 • 


0.023 


ND 


64.248 


DIAGNOSIS 


TT.A 24 1 „ )p l( ,m 


Of KOMI 


Slurred speech , j u i.rs^ts 




SJ20D1 ; 




MALE ; 26 400 ] 0.122 j 0.000 \ 


.12.719 


DIAGNOSIS 


lacon j «< 1 | 


OUTCOME 






SJ-21 Dl j 


74 j 


MALE j 


5.828 


0 016 ND f ~, ^74 ! 


sj-:i P2 






7.42.3 


0.O63 | 


ND 






1 ! 8.456 


tllH 


ND i 


71.382 1 


DIAGNOSIS 


ERTBRa !\ \K I k4\CA ; j 


<h n o\u 
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1 ABLE 111 


CODE » 




GENDER 


nse: si oo 
C»#iaL) (Rg/mL) 
• i + 2SDA1.02 


(sgrtnL) 
+ 2S&-O.02 


Tm 
* 2SD --3 


S.i-22 Di 

(it icmolytics 


63 


FEMALE 


""" : 

18.600 ) 0,000 


0.000 


ND 


SJ-22 D2 








0,000 


ND 


DIAGNOSIS 


CEREBRA, Ol \ht « i \ ' , uai CT re am. 


Ol 1 COME 


weakness (resolving) 




SJ-23 Di 


79 


MALi 


14.530 


2.009 


5 478 ND 








23.980 


>32200 


8.155 


ND 


SJ-23 D.3 






27.670 


2.218 


7.309 


ND 


DI UAOSIS 


bRhSR -\ 1 1 Cf posttne j 


Of HOME 


CT showed multiple cerebr si infarcts. 






SJ-24DJ 


73 


MALE 


20.630 


0.000 


0.000 


74.160 j 


ST-24 D2 






1 7 880 


o,ooo; 


0.000 


89.750 


Sj -24 D3 






17.880 


o.doo 


0.000 


83.290 


DIAGNOSIS 


TIA 

- suddet 1 i diftlci ities 


OUTCOME 


c:T negative 

- Dischar ed vs th c gi >f >>i HA 



The analysts of SI 00, NSE and MBP levels In. serum samples from healthy 
control subjects showed no relationship of levels of these proteins to age or sex. in 
the case of Tm, the concentrations were higher in serum samples from healthy males 
than in females (54.62 ±13.62 ng/mL, 2.S.D above normal - 81.86 ng/rnL and 43.63 
5 *1 1.18 ng/rnL. 2SD above normal - 68.74 ng/mL. respectively ), 

Of the thirty three stroke patients twenty six were infarcts (79%) and of these 
Ovc were lacunar (If and ion bad hemorrhagic trofce 2 Of be hemorrhage 
stroke patterns three bad subarachnoid hemorrhage and one had an intracerebral bleed 
v. an ts i r n n t n ~ I 
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On presentation the levels of S 100 were elevated m 44% of the patients. NSE 
levels were elevated in 59%, MBP levels were elevateds 40% and Tm levels were 
elevated tn 57%. 

The data indicate that by measuring the four marker proteins in accordance 
5 with the invention, where any one marker was elevated, 94% of the patients could be 
identified on presentation. Nineteen of the twenty one nondaeanar infarcts (90%) 
could be identified on presentation. The remaining two patients arrived at the hospital 
at 22 and 72 hours respectively after onset of symptoms. 

Each of Figs. 3-10 is a graphical illustration of the data obtained from a 
1Q different patient of the study. The concentration levels are expressed as multiples of a 
reference value and were obtained by dividing the actual .measured concentration 
values by the defined reference value for each respective marker protein, i.e., the 2SD 
value, 

All lacunar infarcts, hemorrhagic and TIA patients were Identified on 
IS presentation with 100% accuracy.. All five lacunar infarcts had elevated levels of Tm 
on presentation. In some patients the: only elevated marker protein was Tm, 
Referring now to Fig, 3 It can be seen that, for patient SM7. the only elevated marker 
protein was Tm indicating a lacunar infarct. 

The three TIA patients had elevated NSE levels and normal Si 00 and MBP 
20 levels that stayed within the normal range. Tm was elevated in one of the TIA 
patients, Referring now to Fig. 4 it can be seen that for patient SM-24, Tm was 
si.igh.tiy elevated and NSE was elevated indicating a TIA, The patient was discharged 
with diagnosis of TIA. 'Referring now to Fig. 5 it can be seen that pattern SM-3 had 
greatly elevated levels of MBP and Si .00 as well as elevated levels of NSE and Tm 
25 indicating a cerebral infarct with damage spreading into the base of the brain. 

In the four hemorrhagic stroke patients, the three subarachnoid hemorrhagic 
patients had elevated levels of Si 00 and NSE and a normal Tm level. In the patient 
MWatsotv^ a r <-> ^ K i hn Mb* ^ \S, v,, J v , H e 
and the level of MBP was elevated about 250 times. Fig. 6 illustrates that patient ST 
50 16 had a 250 (old increased level of MBP upon presentation as well as elevated levels 
of SI 00 and NSE and had suffered an intracerebral hemorrhage. 
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Fig, ? illustrates that patient SJ-2 had elevated MBP, Tm and SI 00 upon 
presentation and that the MBP and SI 00 levels continued to increase with time 
indicating a cerebral infarct with the stroke increasing over time. An mitral CAT -scan 
upon presentation was negative and became positive only days later. 
5 Fig. 8 illustrates that patient Si- 1 8 presented with a TLA which evolved into a 

stroke. Tm was in the normal range indicating that the cerebral vasculature was not 
compromised and thus indicating that the patient was a good candidate for 
thrombolysis. 

Fig. 9 illustrates that patient SM-8 presented with a cerebral infarct and, With 
iO Tm in the norma! range, was a good candidate ibr thrombolysis since the endothelial 
vasculature was not compromised. 

Fig t 10 illustrates that patient SJ-.1 had a cerebral infarct and because of the 
elevated Tm level was at risk, of hemorrhage if given thrombolytics because of the 
endothelial vasculature being compromised. 

15 For the second serum sample obtained the levels of SI 00 were elevated in 

73% of the stroke patients, the NSE levels in. 54% MBP levels in 64% and Tm levels 
m 55%. These data indicated that by measuring the four marker proteins in 
accordance with the invention, where any one marker was elevated 96% of the 
patients could be identified from the second serum sample obtained, 

20 The data indicate that the levels of the protein markers in subsequent serum 

samples either increased or decreased depending upon whether fee stroke was 
evolving m severity or subsiding. 

Eighteen (54%) of the thirty three stroke patients had ,a CAT scan performed 
on presentation. All four hemorrhagic stroke patients were CAT positive at 

25 presentation. Nine (50%) of the eighteen patients had a normal CAT at presentation 
which became positive days later. Eight of these nine patients who had a norma! CAT 
on presentation tarn elevated levels of one or more of die four protein markers on 
presentation. All of the nine CAT positive patients on presentation also had elevated 
kveis of one or n m p-m,, , , \ers on presentation. 
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Peak Si 00, NSH and MBP levels were significantly correlated (Pearson's) 
with admission NIHSS scores (p <0.05) and discharge modified Rankin scores (p 
<0.05). 

The data show that levels of SIQ& KSE MBP and Tm can be easily and 
5 reliably measured in acute ischemic stroke patients and that by measuring these four 
marker proteins in accordance with die invention, when any one marker protein is 
elevated a 94% sensitivity for acute ischemic stroke can be achieved upon 
presentation. Further, in the hyperacute period of the evolving stroke, elevated levels 
of one or more of these four marker proteins appear to precede irreversible tissue 
50 damage and brain edema prior to detection of such damage by CAT, 

Although the invention has been described with respect to various preferred 
embodiments it is not intended to foe limited thereto but rather those skilled In the art 
vv-11 recognize that variations and modifications may be made therein which are 
within the spirit of the invention and the scope of the appended claims. 
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CLAIMS: 

i . A method lor diagnosing and distinguishing stroke comprising 

a. analyzing the body fluid of a patient to detect the presence and 
concentration of four markers of stroke wherein 

i, A first marker is myelin basic protein, 
5 ii. it second marker is the beta i so form of S i 00 protein, 

hi. a third marker is neuronal specific enoiase, 
iv. a fourth marker is a brain endothelial cell membrane protein 

and 

b, from the information obtained from said analyses verifying 
ID whether an ischemic or hemorrhagic cerebral event has occurred and differentiating a 

particular type of cerebral event. 

2. A method as defined in claim I wherein said body fluid is selected 
from the group consisting of blood, blood products and cerebrospinal fluid. 

3. A method as defined in claim 1 wherein each of said analyses is 
carried out on the same sample of body fund. 

4. A method as defined in chum 1 wherein at least one of said analyses is 
carried out on a first sample of body fluid and at least another of said analyses is 
carried out on a second sample of body fluid. 

5. A method as defined in claim 4 wherein said first and said second 
samples of body fluid are taken at different time periods. 

6. A method as defined in claim I wherein said brain endothelial cell 
membrane protein is selected from the group consisting of Thrombomodulin, Glucose 
Transporter ] in the odmerte or tetrameric form. Vurotheim !*T\ Gamma Glutamyl 

v , eeo 
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7. A method as defined in claim 1 wherein at least one of said analyses 
comprises contacting said body fluid with an antibody which is specific for said 
marker. 

B. A method as defined in claim 7 wherein at least one of said analyses is 
carried out with an enzyme-labeled immunoassay method. 

9. A method as defined in claim i and further including the step of 
analysing said body fluid for a fifth marker protein, wherein said filth marker protein 
has the same specific cell type as one of said first, second or third matters and has a 
higher molecular weight than said first, second or third marker which has the same 
specific celt type. 

10. A method as defined in claim 9 wherein at least one of said analyses 
comprises contacting said body fluid with an antibody which is specific for said 
marker, 

11. A method as defined in claim 10 wherein at least one of said analyses 
is earned out with an enzyme-labeled immunoassay method. 

12. A method as defined in claim 1 and further including the step of 
analyzing a second sample of a body fluid from said patient for said four markers, 
said second sample of body fluid being taken at a time subsequent to said body fluid 
analyzed m step a. 

13. A method as defined in claim 1 wherein said steps of verifying and 
differentiating include comparing the concentration level detected in said analysis for 
each said four markers to a predefined threshold level for each sa-d marker. 
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14 A diagnostic kit for d t fisti hit <. 1 1 ing a 
least four antibodies which are specific for each of four different marker proteins, said 
antibodies immobilized on a solid support, wherein 
18 a. a first marker protein is myelin basic protein and a first 

antibody is specific therefor, 

h. a second marker protein is The beta tsofonn of SI 00 protein and 
a second antibody is specific therefor* 

e. a third marker protein is neuronal specific enolase and a third 
S: ; antibody is specific therefor, and 

d. a fourth marker protein is a brain endothelial cell membrane 
protein and a fourth antibody is specific therefor and at least four labeled antibodies, 
each of said labeled antibodies binding to one of said marker proteins. 

15. A diagnostic kit as defined in claim 14 wherein each of said four 
antibodies is immobilized on the same solid support. 

16. A diagnostic kit as defined in claim 14 wherein at least one of said four 
antibodies is immobilized on a first solid support and at least another of said four 
u tibodie . imra .biiized on a second solid support 

1 7. A diagnostic kit as defined in claim 1 4 wherein at. least one of said 
labeled antibodies comprises an enzyme -labeled antibody. 

IS, A diagnostic kit as defined in claim 14 wherein said brain endothelial 
cell marker protein is selected from the group consisting of Thrombomodulin, 
Glucose Transporter 1 in the dimeric or tetrameric form, Neurotheim/HT?, Gamma 
Glutamyl Transpeptidase, P-glycoprotein and combinations thereof. 

19. A diagnostic kit as defined in claim 14 and further including a fifth 
antibody which is specific for a fifth marker protein, wherein said fifth marker protein 
a s tii sam, h>. u s x. N \vm h,i, s i > k. i , 

higher molecular weight than said first, second or third marker which has the same 
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5 specific cell type, and a fifth labeled antibody which binds to said fifth marker 
protein, 

20. A diagnostic kit as defined in claim 19 wherein said fifth labeled 
antibody comprises an enzyme-labeled antibody. 

21. A method for the differential diagnosis of ischemic and hemorrhagic 
$ cerebral events comprising 

a, analyzing the body fluid of a patient to detect the presence and 
concentration level of one or more ischemic marker proteins selected from the group 
consisting of myelin basic protein, the beta isoform of SI 00 protein, neuronal specific 
enolase and combinations thereof 
0 b. analyzing the body fluid of said patient to detect the presence and 

concentration level of a brain endothelial cell membrane protein, and 

e, from the information obtained from said analyses, verifying the oecuirence 
of an ischemic or hemorrhagic cerebral event and differentiating a particular type of 
cerebral event. 

22. A method as defined in claim 21 wherein said steps of verifying and 
differentiating include comparing the concentration levels detected in said analyses 
for said one or more ischemic marker proteins and for said brain endothelial cell 
membrane protein to a predefined threshold level for each said ischemic marker 
protein and for said brain endothelial cell membrane protein, 
t 23. A method as defined in claim 21 wherein said body fluid is selected from 

the group consisting of blood, blood products and cerebrospinal fluid. 

24. A method as defined in claim 21 wherein said brain endothelial cell 
membrane protein is selected from the group consisting of Thrombomodulin, Glucose 
Transporter 1 in She dimerie or tetramerie form, Neiaothelm/HT?. Gamma Glutamyl 
- - ^ v r m t o m m. o! 

im 24 where <3 brain end 

membrane protein is Thrombomodulin, 
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26. A method as defined in claim 2 1 further including 

30 analyzing said body fluid to delect the presence and concentration level of a 

secondary marker protein having the same specific ceil type as one of said myelin 
basic protein, beta isofonn of SI 00 protein or neuronal specific enolase whereby the 
time of onset of a hemorrhagic or ischemic cerebral event can be determined. 

27. A method as defined in claim 26 wherein said secondary marker protein 
35 has a higher molecular weight than said myelin basic protein, beta isofonn of SI 00 

protein or neuronal which has the same specific cell type. 

28. A method as defined in claim 21 wherein each of said analyses is carried 
on the same sample of body fluid. 

29. A method as defined in claim 21 wherein at least one of said analyses Is 
<Ki carried out on a first sample of body fluid and at least another of said analyses is 

carried out on a second sample of body fluid. 

30 A method as defined in claim 29 wherein said first and said second 
samples of body fluid ate: taken at different time periods. 

31 . A method as defined in claim 21 wherein 

■« a plurality of samples of said body fluid are obtained at predefined time 

intervals and analyzed and the information from said analyses compared as a function 
of time whereby the progression of an ischemic or hemorrhagic cerebral event can be 
determined. 

32. A method as defined in claim 21 wherein each of said analyses comprises 
5(1 contacting said body fluid with an antibody which is specific for said protein. 

33. A method as defined in claim 32 wherein at least one of said analyses is 
carried out with an enzyme-labeled immunoassay method. 
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